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ABST CT
Early life stages of Clarias gariepinus were found to be less sensitive to acute dieldrin
toxicity than ELS of Nile Tilapia, Oreochromis niloticus; 96 h LC50 for 37 day old
fry were 11.7 and 4.95pg1-1 respectively. Growth of O. niloticus fry was significantly
reduced in 22.4 pg1-1 dieldrin whereas growth of C. gariepinus f_ry was unaffected.
Adult C. gariepinus rapidly absorbed dieldrin from aquaeous solution and
accumulated it in their tissues, especially in the liver where after 30 days in 4.0 pg1-1
bioconcentration was close to 1000 fold. Chronic exposure of C. gariepinus to
dieldrin had no effect on blood haematocrit and haemoglobin, but appeared to slow
the growth of catfish, and had a clear negative effect on the reproductive potential of
manure females.
1NTRODUC lON:
Organochlorie pesticides are well known to be toxic and persistent in a wide range of
non-target organisms including fish, and their widespread use has now been
discontinued in many coumtries. However, these pesticides still have important
applications in some tropical countries (Crick, 1990) and the possibility exists of
organochlorines accumulating in fish that may subsequently be used or human
consumption. The African catfish, Clarias gariepinus, is an important aquaculture
species in many parts of Africa, and the toxicity and bioaccumulation of dieldrin in
this species has therefore been studied as an aid to impact assessment of application in
area where aquaculture may be practised.
Virtually all studies into the effects of pesticides on fish have involved acute
exposure and the determination of the LC50 (Mayer & Ellerseik, 1988). However,
environmental contamination more commonly results in chronic exposure, and aspects
of the biology that may be affected include gorwth and reproduction, both important
considerations for fish farmers. Of wider concern is the bioconcentration of
pesticides in fish that may be sold for consumption. During chronic exposure, fish
take up and lose organic pollutants by passive exchange diffusion with the
surrounding water (Walker, 1985). The route of uptake is mainly through the gills
(Holden, 1973). Uptake and loss by individual species under steady state conditions
was studied by Moriaty (1985). In this approach, rate constants can be determined, so
that prdictions of bioconcentration can be made for pollutant/species combinations
(Walker,1987). Koeman et al. (1971), studied the variation in dieldrin residue levels
in different Nigerian indigenous freshwater species following wild test sprays and
found that levels of dieldrin varied both between species and between tissues.
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MATERIALS AND T ODS
General procedures:
African catfish (Ciarías gariepinus) and Nile tilapia (Oreochromis nilotícus) were obtained from
hatchery-reared breeding stocks maintained at the University of Reading. Experimental animals were
kept in 20 litre aquaria in aerated tap water (hardness 380ing14 CaCO3, pH 8.35) at 25°C.
Acclimation to experimental aquaria was 1-2 weeks wherever possible. Experiinents on early life
stages were carried out in aerated 1 litre jars in a water bath. During acute tests, the fish were not fed,
but during chronic tests, early life stages were fed newly hatched Anemia nauplii, and adults were fed
trout pellets (Excel Trout 30, BP Nutrition) at a rate of 5% of body weight per day. Acute and chronic
tests were static-renewal, with water changes every 24 h and 96 h respectively. Uneaten food was
removed 10 min after feeding, an.d wates were removed daily. All treatments within all experiments
were replicated at least once.
A stock solution of technical grade dieldrin (85% HEOD, from Shell B.P.) was made up in
acetone (pesticide analysis grade, Sigma Ltd) and experimental concentrations were achieved using a
Hamilton syringe to add the required amount of dissolved dieldrin solution drop by drop as the water
was added to the experimental containers. Controls had the appropriate volume of acetone added.
LC50 tests on early life stages.
Larvae 1-2 days old (yolk-sacs' that hav-e not fully absorbed their yolk), 5 days old larvae, and 30 day
old fr-y of C. gariepinus and O. niloticus vvere used.Experimental concentrations of dieldrin ranged
fonn 1.5 to 20 Ug
And numbersw per treatment from 20 to 50. Analysis was by SAS probit.
Growth tests on early life stages
37 day old fi-y of C. gariepinus and O. niloticus were exposed to dieldrin concentrations ranging from
1.0 to 2.4 ug 11 for 30days. A sample of 10 fry of each species was first weighed and individual
lenghts measured, then 20 fry, were put into each experimental jar. Following exposure, the surviving
fry were removed, teiminally anaesthetised, and their weights and lenghts deterinined.
Bioaccumulation tests
Fourteen one year old adult C. gariepinus were measured and weighed and 6 fish exposed for 30 days
in individual aquaria to each of 2 concentrations dieldrin, 2.4 and 4.0 pg l'1, with 2 controls. The
dieldrin level in the ater was measured at 0,2,4 and 8 hours after exposure for the fist 24 hours and then
every 96 hours (just before each water change). Dieldrin in water samples was extracted in hexane and
measured by electron-capture GLC.
After 30 days of exposure, the fish were removed, terminally
anesthetised, weighed and measured. The whole liver and whole brain were removed, and c 4g of
muscle tissue was taken from the mid latero-dorsal region. The tissues were lightly dried, weighed
and stored in a freezer. Any fat found in the body cavity was also removed and
weighed. Dieldrin in tissue samples was extracted as follows. A 250 mg sample of
tissue was ground t a free flowing mix with a little acid-washed sand and 4 g of
anhydrous sodium sulphate. This was extracted five times with 44 ml of 7:3n
hexane:acetone at 60°C. The extracts were filtered through glass wool, rinsed with 4
volumes of 2% Na2SO4, shaken for one minute, separated and filtered through
anhydrous sodium sulphate. The residual aqueous acetone mixture was washed with 3
nil of hexane, which was separated and filtered as above, and added to the main
extract. The volume of the extract was blown down to 2m1 and cleaned up on a 10 cm
flourish column (60-200 mesh). Columns were washed through with 10 ml of 11
hexane, the elute (10m1) was rejected. This was then followed by 10m1 of 5%
diethylethern hexane, the elute (10m1) was rejected. This was then followed by 30m1
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of 10% diethylether, the elute was collected and examined by election-capture GLC.
This extraction procedure recovered 75-80% of the dieldrin from control tissue
samples to which known amounts of dieldrin had been added.
Chronic effects on blood.
40 seven month old C. gariepinus were weighed and measured and five were placed
into each of eight aquaria containing dieldrin treated water at three different
concentrations (0.7pg1-1, 1.5pg1-1 and 2.4 pg1-1) and controls without dieldrin. Blood
was sampled eveiy six days by cadiac pucture from freshly killed fish (Blaxhall and
Daisely, 1973), one from each aquarium. About 1 ml of blood was taken using a 2m1
plastic syringe containing heparin. For haematocrit measurement, blood was drawn
into a microhaematocrit tube (Hawsley, Ltd) 75 mm long 1.1-1.2 mm internal
diameter, and centrifuged in a microhaematocrit centrifuge for five minutes. Three
readings from each fish were taken with a Hawsley microhaematocrit reader.
Haemoglobin was measured in triplicate samples of 20 a blood with 10m1 of 0.1
MHC1, and read on a spectrophotometer (Shimazu UV-120) at 540 am 3-5 minutes
after mixing (Blaxhall and Daisely, 1973).
Chronic effects on egg production.
Six mature female c. gariepinus were weighed, both girth and length were measured,
and they were placed in individual aquaria in water with 0.7, 1.0, 1.5, 2.4 and 4 pg1-1
dieldrin, and a control. The exposure period was 66 days, after which the fish were
weighed and measured again, gonadally stimulated and the eggs stripped. Gonadal
stimulation consisted of a prinming intramuscular injection of Human Chorionic
Gonadotrophin (Sgma Lltd) at 4000 iukg-i, followed 24 hours later by a resolving
injection of a single finely crushed carp pituity gland (lsreali Can) Breeding
Association, Ltd) suspended in 2 ml of 0.9% saline (Viveen et al., 1986; Huisman &
Richter, 1987). 24 hours later, the eggs were stripped (Huisman & Richter, 1987) imito
petridishes and weighed. A 2 g subsample (c500 eggs), was taken and examined
under a dissectringmicroscope to determine the percentage of viable eggs.
GENE L OBSERVATIONS
Following exposure to dieldrin some of the fish showed hyperactivity charactierised
by rapid and erratic swimming or darting, partial loss of requilibrium and rapid
pectoral and opercular movements. After about 2-3 min. however, they recovered and
settled down. This behviour was limited to the onset of exposure in larger fish, but
with fry it sometimes occurred after each water change with fresh dieldrin.
Acute tests
Catfish early stages were generally less sensitive than the tilapia, except at the yolk-
sac stage (Table 1). Results, especially for the catfish, were rather variable, as the
large confidence intervals show.
Growth of early life stages.
C. gariepinus fry showed no effect of dieldrin on either increase in len.gth or weight.
Overall, the fish showed rapid increases in mean weight (126%) and length (45%,
from 14.5 mm to 21.1mm) witnin the exposure period of thirty days. An exception
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was one of the treatiiient groups in 2.4 pgl-1, dieldrin which showed a normal increase
in length, but a very small increase in weight (Fig.1). Survival was faily low at 40-
55%, with the lower survivals in the more concentrated treatment groups. aniioticus
fry showed higher survival (75-80%) but much slower growth than the catfish. The
controls increased in mean length and weight by 9.7 and 33% respectively (Fig.1)
Compared to the controls, final weight was reduced at the highest exposure
concentration (p<0.01, t-test).
BIOACCUMULATION
The results for the disappearance of dieldrin from experimental aquaria are summariesed in
Fig. 2 and show immediate rapid reductions in concentrations in both treatments during the first 4
hours, followed by a slower rate of reduction until 96 hours when the first water change occurred.
At subsequent 4-day intervals, the concentrations remained low in both treatments, showing
continued loss (uptake) of dieldrin, but was consistently higher in the 4.0 pgrltreatment.
Growth
A variety of growth responses were observed, a few fish exhibited extreme weight loss, the
highest being 26.7% in 4 pg1' ; but the greatest weight gain (+32.5%) also occurred in the 4 pg1-)
treatment (Table 2). Most treated fish showed depressed appetite and accepted food less
frequently than the control fish. This was reflected in the relatively small amount of fat found in
treated fish (Table 2); in the 4 pgritreatment only one fish (the one which gained 32.5% in weight)
had any fat at all. Liver and brain weights showed no relationship to treatment.
Tissue distribution of dieldrin.
Analysis of tissue residues showed lowest dieldm levels in brain tissue and highest in liver
(Fig. 3). These differences were significant (P<0.05) at both concentrations. At 2.4 pg14, the
mean value was 18 times higher in the liver than in 6the brain, while at 4.0 pg1-1, the concentration
was 10 times higher. Levels in particular tissues increased significantly at the higher exposure
concentration, but by different proportions, with muscle increasing the least (x2.5) and brain the
most (x6.7).
Haematociit and haemoglobin
Exposure to sublethal concentrations of dieldrin for up to 30 days did not result in any significant
effect on the blood parameters investigated. Table 3 shows the mean haematocrit volumes and
haemoglobin levels of fish for 6-12 days and from 18-30 days in comparison to the controls.
Effects on egg production.
Most exposed fish lost weight (Table 4), the biggest weight loss (-19.66%) occurred at the
highest concentration (4.0 pg11). One treated fish gained weight, but the control fish gained more.
These changes paralleled changes in the body girth index (BGI, an indication of readiness to
spawn) which showed relatively small increases in fish, exposed to concentrations above 1.0 pgl-'
The weight of eggs stripped appeared only to be affected by dieldrin concentrations above 1.5 pgl-
1, but the control fish produced a higher weight of eggs as a percent of final body weight and a
higher egg viability than did any treated fish. Dieldrin concentrations above 1.5 pg -I also affected
egg development and maturation, sice fish exposed at higher concentrations produced a watery
fluid containing immature, non-viable eggs.
DISCUSSION
Mount (1962) described the results of endrin poisoning in blunnose minnows as commencing with
rapid, jerky movements of body and fins, an increase in ventilation rate and insensitivity to stimuli.
The fish then moved to the surface, swimming slowly and sometimes backwards, and convulsions
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followed. In field studies, Mathiessen (1981) observed abnormal fish behaviour during spraying of
endosulfan. These behavioural changes are similar to those observed here and conespond most
closely to the 'Physical Deformity Syndrome' described by drummound and RUSSOM (1990) as
characteristic of some pesticides and indicating neurotoxicity.
The results of the 96 hLC50 tests showed that 0.nilaticus yolk-sacs were less sensitive
than fry whereas C. gariepinus yolk-sacs were more sensitive than fiy. With the exception of the
yoolk-sac stage, however, the catfish vae less sensitive than the tilapia, and more variable in their
reponses. Catfish embryos are small a,nd have little yolk, whereas tilapia embryos are larger and
more yolky. In catfish, the yolk-sac stage is short and the hatched fiy immediately start foraging;
they are therefore susceptible to starvation in a 96 h acute test in which food is not provided. In
addition, lacldng yolk, they have nowhere to store the lipophilic dieldrin and this may account for
the relatively high toxicity at this stage. Following hatching, catfish fry normally experience high
mortality due to cannibalism (Hecht and Appelbaum, 1989), and the occurrence of mortalities in all
concentrations, including the controls, in the early life stage acute tests, accounted for the wide
confidence limits (Table 1). In contrast, the tilapias showed no mortality in the control
experiments.
The chronic tests on the growth of fiy again showed relatively high mortalities of C.
garipinus which were probably partly the result of sibling aggressiveness and at, higher
concentrations of dieldrin, the cumulative effects of thetoxicant. No significant effect on growth of
C. gariepinus was found but it is possible that any effect may been obscured by cannibalism on
smaller fish. 0.niloticus fry, however, showed a significantly lower final weight at the highest
dieldrin cocentration (Fig. 1). Organochlorine toxicity may cause reduced feeding, and this would
have negative effects on growth.
When fish are introduced to water containing dieldrin, they take up the pesticide very
rapidly (Vink, 1975). During the first week, however, the rate of accumulation gradually decrease
as more is absorbed into fatty tissues (Holden, 1973; Vink, 1975). During the first week, however,
the rate of acumulation gradually decreases as more is absorbed into fatty tissues (Holden, 1973;
Vink, 1975). The experiments reported here showed very rapid absorption during the first few
hours (Fig. 2) and continued absorption following subsequent water changes. However,
concentrations in the media to which higher amounts of dieldrin had been added stayed consistently
higher than the media to which lowe amounts were added, suggesting that some equilibrium had
been reached between fish and medium. It is likely that some of the dieldrin was being excreted or
metabolised. Losses of dieldrin may also have occun-ed through adsorption onto the aquarium
walls and onto uneaten food and faeces. Growth during these 30 day exposures was very variable
but generally less at the higher concentrations, pherhaps due to reduced feeding (table 2).
The dieldrin tissue concentrations in C. gariepinus following chronic exposure showed a
similar pattern to that observed by Holden (1973) who found that rainbow trout exposed to 5.6 ug
1-1 dieldrin for 5 7 days, accumulated 3.5 mg kg in the muscle, 13.8 mg kg1 in the gills and 20.8
mg kg' in liver. His results indicated that the liver had about 6 times the level in the muscle,which
is similar to our results. Tissue distribution variation of dieldrin was also observed in perch from
Loch Leven by Holden (1973). He reported the following residue ranges in mg kg' muscle, 0.08-
1.61; testes, 0,114.2; liver, 0.46-1.98; gills, 0.87-3.7; spleen, 2.8-20.3 and fat, 11.4-38.5, He
suggested that the variation could due to variation in the fat content, with fatty tissues accumulating
more dieldrin. The liver is a fatty tissue as well as a centre for anabolic and catabolic activities.
Epoxidation of aldnin to dieldrin for example,occurs in liver rnicrosomes of several freshwater
species of fish (Edwards and Millburn, 1985), Liver microsomal activity can be induced by dieldrin
in fish (Vink, 1975) and in mammals (Edward and Millburn, 1985; Walker, 1985). Edwards and
Millburn (1985) suggested that the half-life of dieldrin for individual fish tissues is around 20 days.
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The results of the present study are in disagreement with most previous findings on haematological
responses to insecticides. For example Matthiessen (1981) observed that in fish tested with
endosulfan, blood cell counts were elevated. In Clarias batrachus, experimental exposure to 50
ug l't DDT reduced both red cell count and haemoglobin concentration (Guha, et al. 1993)
The negative effect of dieldrrin on egg maturation and production was fairly clear, but whether the
effectt was direct, as a result of bioaccumulation in the gonads, or indirect, cannot be determined.
It is possible that dieldrin accumulation in the central nervous system could block or disrupt the
hypothalmic-pituitary link which controls egg development and maturation, but it is also likely that
reduced feeding and loss of weight (Table 4) would contribute to reduced gonad maturation. Boyd
(1964) observed that organochlorines induced abortion in mosquitofish, and Begum and
Vijayaraghavan (1995) found that dimethoate reduced fecundity in lar/as hatrachus. The natural
reproductive sequence in a potential fish spawner,, begins with fat-deposit for lipophilic insecticides
like dieldrin, accumulation occurs in fat depot sites including the gonads. Burdick et al. (1964),
working on lake trout, Salvelinus mamaycush, found a strong correlation between DDT levels in
eggs and the percentage morality of fry, oceurring as they were ready to feed after absorbing the
yolk-sac. Such effects on reproduction threaten both wild and capatice fish popuklations in areas
susbject to incautious use of pesticides such as dieldrin.
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Fish species
C. garipinus
C. niloticus
Yolk-sac 5-day
6.0 17.02
(5.0 7.0) (12.95-27.31) (
7.0
(6.54-7.59)
Table 2.The effects of dieldrin on mean whole weight and mean fat depot weight (g) of adult C.
garipinus after exposure to dieldrin. Standard deviations given in parentheses.
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37 day
11,7
0.21 13 0)
4.95
(0-8.19)
Initial Final % increase fat
Control 113.2 128.2 13.2 1.77
n= 2 (1.5) (2.3) (0.06)
2.4 pglei
n=6
164.2
(30.9)
176.6
43.3)
6.95 0.3
0.3
4.0 pg1-1
n=6
144.4
(13.3)
145.5
(28.5)
1.35 (0.14)
(0.33)
Viveen, Richter, C.J.J; Van Oordt, P.G.W.J; Janssen, J.A.L. & I uisman, E.A.
(1986): Practical manual for the culture of the African Catfish,
Ciarías gariepinus. Ministry of Development cooperation,
Section for Research Technology, The Netherlands
Walker, CH. (1985): Bioaaccurnulation in marine food cahins a kinetic
approach. Mar, Env. Res 17:297-300.
Walker, C.H. (1987): Kinetic models for predicitng bioaccumulation of pollutants
in ecosystems Environ Pollut. 44:227-240.±
Table 1:96-h LC50 (pg1-1) dieldrin test resul s 95% confIdence limits are given in parentheses.
Table 3.
Table 4.
Change in weight (g), body girth index (BGI) and egg production of six mature female
C. gariepinus after 66 days exposure to dieldrin.
eggs watery and immature, weight not possible to measure.
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Haematocrit
i
Haemoglobin
18, 24, 30Days 6, 12 18, 24, 30 6, 12
0 pg1-1 31.12 (4) 32.39 0.31) 1 16.3 (3.81) 15.13 (5.73)
0.7 pg1-1 30.25 (1.66)
29.34 (5.05)
30.25 (3.52)
30.33 (2.75)
17.83 (3.34)
11.18 (3.08)
15.73 (6.49)
12.49 (6.52)1.5 pgl 'I
2.4 ag1-1 29.17 1 73 31.55 (2.92) 1 12 (4.71) 13.81 (4.98)
Conc
[1
Initial
wei lit
Final
veil t
% change
we' 1 t
Initial
BO
Final
BGI
% gain
BGI
Wt. eggs
stri ed
Egg % body
weiht
% eggs
viable
o 183 187 0.419 0.458 9.3 25.74 13.8
0.7 226 0.392 0.438 11.7 19.67 8.7 64
1 186 -5.2 0.368 0.412 19.4 11 60
246 BIM -4.5 0.382 0.4 4.7 29.5 12.6 50
2.4 179 182 +1.7 0.397 0.416 4.8 14.86 8.2 0
4 180 145 In= 0.37 0.373 0.8
